An EtOAc extract of the cultured soft coral Sinularia gibberosa yielded a new cembrane-based diterpenoid, cugibberosene A (1), together with the previously reported three cembranoids (2-4). The structure determination was based on extensive NMR studies. The cytotoxic and antibacterial activities of these isolated metabolites 1-4 were evaluated in vitro.
Our previous chemical investigations on soft corals of the genus
Sinularia have afforded several cembrane-[1a-1e] and cubitanebased diterpenoids [2a,2b] . Some of these metabolites have been found to possess cytotoxic [1a,1e] and anti-inflammatory activity [1c,1d] . Our recent study of the chemical constituents of the cultured soft coral Lobophytum crassum has yielded five cembranoids, which exhibited cytotoxic activity [2c] . In continuation of our search for biologically active secondary metabolites from the cultured soft coral Sinularia gibberosa, we have isolated one new cembrane-based diterpenoid, cugibberosene A (1), along with three known cembranoids, 11,12-epoxy-13,14dihydroxycembrene-C (2) [2d], flaccidoxide (3) [2e] and flaccidoxide-13-acetate (4) [2e] ( Figure 1A ). In this paper, we report the structural elucidation and bioactivity of these metabolites.
The new metabolite 1 was isolated as colorless oil. Its molecular formula, C 20 H 32 O, was established by HR-ESI-MS analysis from the ion at m/z 311.2352 [M + Na] + , implying five degrees of unsaturation. The IR spectrum of 1 showed an absorption band at 1709 cm -1 , suggesting the presence of a carbonyl group. The structure of 1 was mainly deduced from its NMR spectroscopic data (Table 1) , which showed that 1 had twenty carbons that were assigned to four methyls, seven sp 3 methylenes, one sp 2 methylene, two sp 3 methines, two sp 2 methines, and four sp 2 quaternary carbons (including one ketone at δ 215.2). The 1 H NMR data revealed the presence of two olefinic methylene protons as singlets at  4.72 and 4.64. Moreover, two trisubstituted bonds were also identified from NMR signals appearing at δ C 135.5 (C), 124.6 (CH), and δ H 5.19 (1H, t, J = 8.0 Hz), and at δ C 133.5 (C), 125.9 (CH), and δ H 5.08 (1H, t, J = 6.0 Hz), respectively. The 1 H-1 H COSY spectrum of 1 allowed the building of the three partial structures of the consecutive proton spin systems indicated in bold in Figure 1B . These data, together with the HMBC correlations ( Figure 1B ) from H 2 -2, H-4 and H 2 -5 to C-3, H 3 -18 to C-3, C-4 and C-5, H 3 -19 to C-7, C-8 and C-9 and H 3 -20 to C-11, C-12 and C-13 established the connectivity within the 14-membered ring. Moreover, the correlations of H 3 -17 to C-1, C-15 and C-16 indicated the attachment of an isopropenyl group at C-1. Thus, 1 was found to possess three double bonds at C-7/C-8, C-11/C-12 and C-15/C-16 and one ketone group at C-3. On the basis of the above findings, the planar structure of 1 was established unambiguously. The relative configuration of 1 elucidated mainly from the NOESY spectrum was compatible with that of 1 offered by using the MM2 force field calculations which suggested the most stable conformations, as shown in Figure 1B . The NOE correlations of H 3 -19 with H-6a ( 2.10), but not with H-7, and H 3 -20 with H-10a ( 2.33, but not with H-11, indicated the E configuration of the double bonds between C-7/C-8 and C-11/C-12. Moreover, it was found that H-1 and H 3 -18 showed NOE interactions with one of the methylene protons at C-2 (δ 2.17); therefore, assuming a β-orientation of H-1, H 3 -18 should also be positioned on the β-face. On the basis of the above findings, the structure of 1 was thus found to possess the (1R*, 4R*)-configuration. Finally, a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay was used to examine the cytotoxic activities of compounds 1-4 against the seven cancer cell lines, human colon adenocarcinoma (HCT-116 and DLD-1), human promyelocytic leukemia (HL60), human erythromyeloblastoid leukemia (K562) and human breast carcinoma (MDA-MB-231, MCF-7 and T47D).
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The results showed that the tested compounds are not cytotoxic (IC 50 >20 μg/mL) toward the above cancer cells. Furthermore, in vitro antibacterial activity of compounds 1-4 was tested. The results showed that both compounds 2 and 3 revealed greater antibacterial potential than the positive control (ampicillin) against Bacillus subtilis. Compound 2 exhibited significant antibacterial activity at a concentration of 25 μg/disk; Compound 3 and ampicillin exhibited significant antibacterial activity at a concentration of 50 μg/disk.
Experimental
General: Optical rotation, Jasco P-1010 digital polarimeter; IR, Varian Digilab FTS 1000 Fourier transform infrared spectrophotometer; NMR, Varian Unity INOVA 500 FT-NMR instrument; ESIMS and HRESIMS, Bruker APEX II mass spectrometer. Gravity column chromatography was performed on silica gel (230-400 mesh, Merck). TLC was carried out on precoated Kieselgel 60 F254 plates (0.2 mm, Merck) and compounds were visualized by spraying with 10% H 2 SO 4 solution followed by heating. High-performance liquid chromatography was performed using a system comprised of a Hitachi L-7100 pump (Hitachi, Tokyo, Japan) and a Rheodyne 7725 injection port (Rheodyne, Cotati, CA, USA). A preparative normal phase column (250 × 21.2 mm, 5 μm) was used for HPLC.
Animal material: Specimens of the soft coral, Sinularia gibberosa, were collected off the coast of Pingtung, southern Taiwan, and transplanted to a 0.6-ton cultivating tank equipped with a flowthrough sea water system in July 2007. The cultured soft coral was harvested in December 2010. A voucher specimen (specimen no. 2010CSC-3) was deposited in the National Museum of Marine Biology and Aquarium, Taiwan.
Extraction and isolation:
The frozen bodies of Sinularia gibberosa (0.7 kg fresh wt) were collected and freeze-dried. The freeze-dried material (300 g) was minced and extracted exhaustively with EtOAc (5 × 1 L). The EtOAc extract (2.3 g) was chromatographed by silica gel CC and eluted with EtOAc in n-hexane (0-100%, stepwise), then with acetone in EtOAc (50-100%, stepwise) to yield 15 fractions. Fraction 4, eluting with n-hexane-EtOAc (10:1), was further purified by normal phase HPLC (n-hexane-EtOAc, 15:1) to afford 1 (3.5 mg). Fraction 6, eluting with n-hexane-EtOAc (3:1), was further separated by silica gel CC with gradient elution (n-hexane-EtOAc, 3:1 to 1:1) to yield 5 subfractions (6A-6E). Subfraction 6B was separated by normal phase HPLC using n-hexane-EtOAc (5:1) to afford 4 (2.0 mg). Fraction 8, eluted with n-hexane-EtOAc (1:1), was further separated by silica gel CC with gradient elution (n-hexane-EtOAc, 3:1 to 1:1) to yield 7 subfractions (8A-8G). Subfraction 8B was separated by normal phase HPLC using n-hexane-EtOAc (2:1) to afford 3 (27.0 mg). Subfraction 8D was separated by normal phase HPLC using n-hexane-EtOAc (1:1) to afford 2 (6.0 mg).
Cugibberosene A (1)
[ Cytotoxicity testing: Cell lines were purchased from the American Type Culture Collection (ATCC). Cytotoxicity assays of compounds 1-4 were performed using the MTT colorimetric method [3, 4] .
In vitro antimicrobial activity: Bacterial strains were grown in LB (Luria-Bertani) broth medium for 24 h at 37℃. LB hard agar (17 mL, 1.5% agar) was poured into sterile Petri dishes (9 cm) and allowed to set. Molten LB soft agar (2.7 mL, 0.7% agar, 45℃) was inoculated with 0.3 mL broth culture of the test organism and poured over the base hard agar plates forming a homogenous top layer. Sterile paper discs (Advantec, 8 mm) were placed onto the top layer of the LB agar plates. Ten µL of the test compounds 1-4 were applied to each filter paper disc. Ampicillin and the solvents used served as positive and negative control. All plates were incubated at 37 o C for 24 h for antibacterial activity evaluation. The antimicrobial activity of all isolated metabolites 1-4 was tested from 6.25, 12.5, 25, 50, 100, 200, 250, 500 up to 1000 μg/disk on Bacillus subtilis (ATCC 7059). The bacterial strain was obtained from the American Type Culture Collection. The antibiotic activity evaluation method was conducted based on previous reports [5] .
